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ABSTRACT 


The purpose of this study was to compare beginning of 
pre-season, end of pre-season, and end of regular season 
physical work capacity scores of intercollegiate football 
players. 

Twenty-six intercollegiate football players were tested 
throughout the eleven week training period. Each subject was 
administered a modified Sjostrand PWC, 55 test at each test- 
ing session. 

Within the limits of this study, the following conclu- 
sions have been made: | 

(1) There was a significant increase between beginning 

of pre-season and end of pre-season mean PWC 70 
and PWC, 5/kg. scores for the football players, 
as a group. 

(2) There was a significant increase between beginning 
of pre-season and end of pre-season mean PWC, 55 
and PWC7,/kg. scores for the defensive linemen. 
However, no significant differences were apparent 
between beginning of pre-season and end of pre- 
season mean PWC1 5 or PWC, 49/kg. scores for offen- 
sive linemen, offensive backs or defensive backs. 

(3) There was no significant difference between beginn- 


ing of pre-season and end of regular season mean 
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PWC) 5, or PWC 2/kg. scores for the football 
players as a group. 

There were no significant differences between 
beginning of pre-season and end of regular season 
mean PWCI 55 or PWC, 59/kg. scores for any of the 
FOUrMDOS TIONS. 

There was no significant difference between end 

of pre-season and end of regular season mean PWC 1, 
or PWC 5,/kg. scores for the football players, as 

a group. | 

There were no significant differences between end 
of pre-season and end of regular season mean PWC1 55 
or PWC >,/kg. scores for any of the four positions. 
There were no significant differences in mean PWC, 55 
or PWC, 59/kg. scores between any of the four posi- 
tions at the beginning of the pre-season. 

There were no significant differences in mean PWC1 5 
or PWC, 2,/kg. scores between any of the four posi- 
tions at the end of the pre-season. 

There were no significant differences in mean PWC 75 
or PWC, 70/kg. scores between any of the four posi- 


tions at the end of the regular season. 
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CHAPTER 1 


STATEMENT OF THE PROBLEM 


I. INTRODUCTION 


The pre-season and in-season preparation of football 
players pose a number of problems. One problem is that of 
conditioning. Football players must reach a minimum level 
of conditioning during the pre-season period and maintain or 
improve this level of conditioning throughout the season. 
This is of utmost importance if a player is to participate 
to his maximum potential in every game situation. 

Canadian high school and university football teams are 
generally limited to a two or three week pre-season period. 
Obviously this is a very short time in which to prepare a 
football team, both physically and mentally, for the upcoming 
season. However, it would appear that the football coach 
realizes the importance of conditioning for his players and 
therefore a great deal of emphasis is usually placed on this 
aspect of the game during the pre-season period. 

Once the pre-season period is over it would be valu- 
able to know if the relative emphasis on conditioning remains 
at this high peak throughout the season. That is, as the 
season progresses and more practice time is spent on team 


skills and team execution, is it possible that a decondition- 
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ing effect occurs during the season? This is something that 
the football coach should be aware of when developing an 
in-season practice schedule. 

It should be noted that physical conditioning is some- 
what of a nebulous concept and there are a number of ways in 
which the physical condition of athletes can be measured. 
Some methods of measurement require expensive equipment, 
highly skilled testers, and a great deal of time and effort 
by the subject. On the other hand, some methods require less 
expensive equipment, less skill by the testers, and less time 
and effort by the subject. An example of the latter method 
is the modified Sjostrand Physical Work Capacity Test (1) 
which has been administered to the intercollegiate football 


players who have acted as the subjects for this study. 


Di SUE OpleM 


The purpose of this study was to compare beginning of 
pre-season, end of pre-season, and end of regular season 
physical work capacity scores of intercollegiate football 


players as measured by a modified Sjostrand PWC. 75 test. 


III. SUB-PROBLEMS 


The following sub-problems were studied: 
(1) The mean difference between beginning of pre- 
season and end of pre-season physical work capa- 


city scores. 
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(1) 


The mean difference, by position, between beginn- 
ing of pre-season and end of pre-season physical 
work capacity scores. | 

The mean difference between beginning of pre- 
season and end of regular season physical work 
Capacity scores. 

The mean difference, by position, between beginn- 
ing of pre-season and end of regular season physical 
work capacity scores. 

The mean difference between end of pre-season and 
end of regular season physical work capacity scores. 
The mean difference, by position, between end of 
pre-season and end of regular season physical work 
Capacity scores. 

The mean difference, by position, between physical 
work capacity scores at the beginning of the pre- 
season. 

The mean difference, by position, between physical 
work capacity scores at the end of the pre-season. 
The mean difference, by position, between physical 
work capacity scores at the end of the regular 


season. 


IVa DEMIMEPATIONS 


The subjects used were twenty-six volunteer inter- 
collegiate football players at the University of 


Alberta, during the 1973 season. 
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Wea) 


The control subjects used were nineteen volunteer 
first year male Physical Education students at the 
University of Alberta. 

The experiment was limited to one submaximal method 
of measuring physical work capacity. 

All subjects were tested by the same tester on 


each occasion. 


Voss LIMITA LONS 


The experimenter was not able to obtain complete 
data on all members of the particular football 

team under study. 

The experimenter had no control over his subjects, 
except during the testing situations, and therefore 
could not eliminate activities other than practice 
and game situations which may have affected the 
physical work capacity scores. 

It was not possible for the experimenter to test 
his subjects during each week of the season and 
therefore no inferences can be drawn as to when 

the highest and lowest levels of physical work 


Capacity did occur. 
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VI. DEFINITIONS AND ABBREVIATIONS OF TERMS 


Physical Work Capacity. The capacity to perform pro- 


longed physical work. 

PWC, 40- The capacity to perform prolonged physical work 
at a steady state heart rate of 170 beats per minute. 

Steady State. The work situation where oxygen uptake 
equals the oxygen requirement of the tissues. 

Kilopond (kp.). One kp. is the force acting on the 
mass of one kg. at normal acceleration of gravity. 

Kilopond Metre (kpm.). A measure of work on the bicycle 
ergometer. This is a product of the tension setting on the 
ergometer, the distance travelled by the ergometer wheel in 
One revolution, and the number of pedal revolutions performed 
per minute. 

Work Load. The calibrated frictional force applied to 
a friction belt which the subject must overcome to continue 
cycling at a rate of sixty revolutions per minute (2). 

Pre-Season Period. The fourteen day formal practice 
period which immediately preceded the football team's first 
regular season game. 

Offensive Linemen. Those football players whose primary 
position was one of the following: center, offensive guard, 
offensive tackle, or offensive end. 

Offensive Backs. Those football players whose primary 
position was one of the following: quarterback, fullback, 


offensive halfback, wingback, or flanker. 
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Defensive Linemen. Those football players whose primary 
position was one of the following: defensive tackle, defensive 
end, or linebacker. 

Defensive Backs. Those football players whose primary 
position was one of the following: corner-halfback, defensive 


halfback, or safety. 
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CHAPTER II 


REVIEW OF THE LITERATURE 


I. PHYSICAL WORK CAPACITY 


Many physiologists (1,2,3,4,5,6,7,8) are of the opinion 
that an individual's ability to perform prolonged physical 
work is a useful measure of cardiovascular fitness. This 
ability to perform prolonged physical work is termed physical 
work capaci ty’ ¢3-9-1071l ste) 

An individual's physical work capacity is dependent on 
his ability to take up, transport and deliver oxygen to the 
working muscle (10). Therefore, maximal oxygen intake is 
generally considered to be the best single indicator of 
physical work capacity (2,4,10,13,14,15,16,17). However, 
indirect or submaximal methods of assessing physical work 


capacity (3,8) are also very evident in fitness testing today. 


RELATIONSHIP BETWEEN MAXIMAL AND SUBMAXIMAL WORK TESTS 
Although maximal oxygen intake is a very popular method 
of assessing physical work capacity, it may be inadvisable 
for a variety of reasons. Williams (18) lists four limita- 
tions which are inherent in the use of the maximal test. 


These include: 


(1) There is no standard criterion to indicate when 
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the subject has reached his maximal intake level. 
Some investigators feel that the maximal level is 
reached when the oxygen consumption does not 
increase as the work load is increased. However, 
others may set a minimal value for the increase 

in oxygen consumption, such as 150 or 200 ml, when 
the work load is increased. 

Psychological factors may limit the subject from 
performing at his maximal physiological capacity. 
Direct measurement of maximal oxygen intake is 
relatively time consuming. 

The equipment necessary for such testing is rather 


expensive. 


Astrand and Rodahl (3:348) also recognize the possible 


limitations of maximal work tests and emphasize that a maxi- 


mal oxygen intake test should meet the following requirements: 


(1) 
(2) 
(3) 
(4) 


(5) 


The work must involve large muscle groups. 

The work must be measurable and reproducible. 

The test conditions must be such that the results 
are comparable and repeatable. 

The test must be tolerated by all healthy indivi- 
duals. 

The skill involved in the task should be simple 


and uniform in the population tested. 


Resulting from the limitations of maximal exercise test- 


ing, submaximal tests (3,8,9,11,14,18,19) have been developed 


in an attempt to predict maximal aerobic capacity. Taylor 
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(17) states that the measurement of aerobic Capacity indirect- 
ly reflects the state of efficiency of the cardiovascular 
system. Therefore, heart rate response to exercise may serve 
as an indicator of maximal aerobic capacity. Consequently, 
most submaximal physical work capacity tests use the heart 
rate response to a standardized work load as a measure of 
cardiorespiratory fitness (18). 

Research (1,2,4,18,20) has also shown limitations of 
the submaximal test when used to predict maximal oxygen in- 
take levels. These are: 

(1) The relationship between heart rate and oxygen 

consumption during progressively increasing work 
loads is linear only to a point (2,4,18). 

(2) An elevated resting heart rate may result in an 
underestimation of maximal aerobic capacity (2,18). 

(3) Aerobic capacity values may be overestimated for 
older subjects and athletes (2,18). 

However, there are still some useful applications of 

submaximal tests. These include: 

(1) In repeated measures experiments, the subject 
serves as his own control and therefore, repeated 
submaximal tests at different time intervals may 
be indicative of training effects (18). 

(2) In those tests where norms are established, an 
individual's score may be compared with set stand- 
ands 11(18)s 


Taylor (21) compared the responses of a group of thirty- 
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One subjects, aged nineteen to twenty-six, to submaximal and 
maximal work in repeat experiments. The subjects initially 
walked on a treadmill at a grade of five per cent and a speed 
of 108 meters per minute for four minutes. Upon completion 
of this submaximal test, the subjects had a four minute rest 
period. The maximal work consisted of running on the tread- 
mill to exhaustion. The initial grade of the treadmill was 
five per cent and was elevated one per cent each minute. The 
speed of the treadmill was set at 162 meters per minute. The 
subjects were retested in three days. It was found that the 
heart rate and blood lactate were the most reliable submaximal 
measures. 

Astrand and Saltin (5) conducted a study on four male 
and one female subjects in order to analyze how critical the 
duration of exercise is in relation to the determination of 
maximal oxygen intake. All subjects performed heavy exercise 
on a bicycle ergometer at a pedal frequency of fifty revolu- 
tions per minute. Work loads were varied in order that exhaus- 
tion would terminate exercise after two to eight minutes. The 
results indicated that aerobic capacity can be measured in 
a work test of from two to eight minutes duration. However, 
in studies of circulation and respiration during submaximal 
work it is concluded that the duration of work should exceed 
five minutes. 

Cumming et al. (22) took repeated measures of aerobic 
capacity of twelve subjects, aged thirteen to sixteen, during 


a week of training at a youth track camp. The subjects con- 
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Sisted of six males and six females. The results indicated 
that a prediction of aerobic capacity from submaximal tests 
based on pulse rate did not give a true indication of changes 
tieaerobicscapacity 

Andersen (23) reported on the indirect evaluation of 

aerobic work capacity based on heart rate recordings during 
muscular exercises at submaximal intensities. He found the 
accuracy of estimating aerobic work capacity from heart rate 
recordings during submaximal work is less than the direct 
method of measuring maximal oxygen uptake. The coefficient 
of variation for the direct method of determining maximal 
oxygen uptake was three to five per cent whereas it was fif- 
teen to twenty per cent for the indirect or submaximal method. 

Astrand and Rodahl (3) concluded that an evaluation of 

the maximal effect of the oxygen-transporting system, based 

on studies at submaximal levels, should be done very carefully. 
Utmost caution was urged especially when dealing with indivi- 
duals of different age groups. It was also noted that there 
are at least two situations when the submaximal work test has 
been very useful: 

Gl) In Saclinicalesitudtione iteisaoftengvaluabtegto 
include an exercise test in order to examine the 
cardiovascular system under functional stress (3). 

(2) In evaluating whether or not a training program 
has been effective in improving the individual's 
circulatory capacity. In the work test on the 


bicycle ergometer, a counting of the heart rate 
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is sufficient for the evaluation (3). 

Wilmore and Sigerseth (24) investigated the physical 
work capacity of sixty-two girls, seven to thirteen years of 
age. The subjects performed a progressively loaded, step- 
increment test on a bicycle ergometer. The results indicated 
that both the maximal and submaximal responses to the work 
Capacity test had low correlations with maximal oxygen intake. 
It was found that only five of sixty-eight correlations between 
submaximal heart rates and maximal oxygen intake had signifi- 
cant coefficients at the .05 level. A correlation coefficient 
of .59 was found between maximal ventilation and maximal oxygen 
intake. 

Rowell et al. (25) studied thirty-four male university 
students, aged eighteen to twenty-four, and found that sub- 


maximal pulse rates provided no reliable basis for prediction 


Of maximal oxygen intake. 


WORK CAPACITY IN TREADMILL AND BICYCLE EXERCISE 

McArdle and Magel (26) compared the maximum oxygen in- 
take and physical work capacity of twenty-three male college 
students. It was shown that the heart rate was significantly 
lower in the bicycle test during maximal oxygen intake. The 
results also indicated that physical work capacity measures 
at heart reates of 150 and 170 beats per minute were fairly 
similar on both the bicycle ergometer and treadmill. 

Davies and Musgrove (27) conducted a two part study on 


thirty-six male subjects. The results led the investigators 
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to conclude that the conventional method of expressing work 
capacity values on a bicycle ergometer, especially at high 
work loads, may be misleading. A second conclusion emphasized 
that inter-subject variation of bicycling skill may be small 
in subjects with minimal training on the ergometer. 

Glassford et al. (28) compared four techniques of mea- 
suring maximal oxygen consumption in twenty-four male subjects 
aged seventeen to thirty-three. Three direct tests, two on 
a treadmill and one on a bicycle ergometer, and one indirect 
test, on a bicycle ergometer, were given to each subject. 

The results indicated that the two treadmill tests and the 
indirect bicycle ergometer test had significantly higher mean 
values than did the direct bicycle test. It was concluded 
that direct treadmill tests yield higher maximal oxygen uptake 
values than does the direct bicycle ergometer test. Inference 
was made that treadmill tests involve greater muscle mass than 
do bicycle tests and this may be related to the results. 

Hermansen and Saltin (29) have concluded that maximal 
heart rate, oxygen consumption, arteriovenous oxygen differ- 
ence, cardiac output, and stroke volume for a particular 


individual are usually higher on the treadmill than on the 


bicycle ergometer. 


RELIABILITY OF WORK CAPACITY TESTS 
Borg and DahIstrom (30) studied forty-two military 
recruits who performed two bicycle ergometer tests. The 


initial test was performed in the summer of one year and then 
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was repeated in the spring of the following year. The intra- 
test reliability coefficients were found to be as high as .97. 
These reliability coefficients were assessed by correlating 
the pulse rates with each other after two, four, and six 
minute work periods. The re-test correlation after eight 
months was .75. 

Cumming and Danzinger (31) administered a bicycle ergo- 
meter test to nineteen boys and twenty-two girls. The subjects 
were tested in the spring and the fall of the same year. 
Although no figures were reported, it is stated that there 
was no significant difference between mean working capacity 
values for the two testing sessions. 

Sime et al. (32) assessed the reliability of standard- 
ized ergometric tests on the treadmill and the bicycle. Thir- 
teen male subjects, mean age of forty-nine, were studied on 
the treadmill. Forty-six male subjects, mean age of forty- 
eight, were studied on the bicycle ergometer. The results 
revealed that the mean of the second of a pair of tests was 
consistently less by 1.0 to 3.4 beats per minute than the 
mean of the first. It was also shown that intra-individual 
variability ranged from 2.0 to 6.7 beats per minute. This 


statistic was less for the treadmill subjects than for the 


bicycle subjects. 
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II. SJOSTRAND PWC TEST 


170 


DEVELOPMENT OF THE EST 

The Sjostrand Test is one of the most common submaximal 
physical work capacity tests in use at the present time (19). 
Sjostrand (8) introduced the possibility of indirect work 
Capacity tests in 1947. The initial study (8) was designed 
to investigate the changes in the respiratory organs of work- 
men at an ore smelting works. The subjects were twenty ore 
smelting workmen, aged thirty-two to fifty. The test con- 
sisted of riding a bicycle ergometer at three ten minute work 
loads, and one four to six minute work load. The first three 
work loads were respectively set at 300, 600, and 900 kpm. 
per minute. The final work load was set at 1,200 kpm. per 
minute. Each subject rode the bicycle until his heart rate 
exceeded 175 beats per minute or until the heart rate rose 
more than ten beats per minute during constant work. Rarick 
(33) states that this study has led to the conclusion that 
the work load necessary to produce a heart rate of 170 beats 
per minute is associated with near maximal values for cardiac 
output and oxygen consumption. 

Wahlund (34) modified the test by reducing the dura- 
tion of each work load to 6% minutes. The test was termin- 
ated when the subject could no longer pedal or when he had 
reached a work load of 1,200 kpm. per minute. The test was 
also designed so that the maximum heart rate at which work 


could be performed satisfactorily was set at 170 beats per 
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minute (35). If this specified heart rate was not reached, 
the estimated work which would have been done at this heart 
rate was extrapolated from the known relationship between 
heart rate and work load (14). 

Bengtsson (6) modified the test further when he studied 
the working capacity of seventy-six children, aged five to 
fourteen, and thirty-eight adults, aged fifteen to forty. 

The duration of each work load was reduced to six minutes. 
The pedalling rate was also modified and was set at either 
forty-five or sixty revolutions per minute. Three work loads 
were used and were adjusted so as to elicit a heart rate of 
between 125 and 130 beats per minute at the end of the first 
work period, between 140 to 150 beats per minute at the end 
of the second work period, and between 160 to 170 beats per 
minute at the end of the third and final work period. 

Adams et al. (36) conducted a study on elementary and 
junior high school students and reduced the number of work 
periods from three to two. Each exercise period maintained 
a length of six minutes. The first work load was set to 
hopefully produce a heart rate of approximately 140 beats 
per minute and the second a heart rate of approximately 170 
beats per minute. 

Howell and Macnab (14) replaced the three six minute 
work periods with three four minute work periods. The dura- 
tion of the test was therefore reduced from eighteen to 
twelve minutes. The desired heart rate response to the three 


work levels are between 115 to 130 beats per minute for the 
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first exercise period, between 130 to 145 beats per minute 
for the second exercise period, and between 160 to 180 beats 
per minute for the final exercise period. 

Steadward (37) modified Howell and Macnab's version of 
the test (14) so that the heart rate of each subject was moni- 
tored by an electrocardiograph only at the end of each four 
minute period of exercise. This is in contrast to the con- 
ventional method of monitoring the heart rate after every 
minute of exercise. The modified Sjostrand Test as stated 
by Steadward (37) is the basis of the test used in this study. 

Sharkey (38) conducted a study on thirty-six male 
college students and altered the test so that each of the 
three work periods was 24 minutes in duration. The initial 
work load was set at 300 kpm. per minute and was increased by 


300 kpm. per minute for each of the following two work periods. 


UNDERLYING CONCEPT 

The Sjostrand Test is based on three principles: 

(1) There is a linear relationship between heart rate, 
work load, and oxygen uptake. In other words, as 
the work load increases so does the heart rate 
and the oxygen uptake (14,19,35). 

(2) At a given steady state heart rate, the more fit 
a person the more work he can do (14). 

(3) A heart rate of 170 beats per minute is approxi- 
mately eighty per cent of an individual's maximal 


oxygen uptake (19,34). 
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Therefore, it is apparent that this submaximal test mea- 
sures physical work capacity concurrent with a steady state 
heart rate of 170 beats per minute (PWC, 50). 

DeVries (9) states that a heart rate of 170 beats per 
minute is designated in the Sjostrand Test because it is 
generally accepted as the level above which no significant 
increase in work load occurs. 

Cumming and Danzinger (16) found that their subjects, 
aged ten and eleven, were working at seventy-three per cent 
of the maximal oxygen consumption at a heart rate of 170 
beats per minute. 

Astrand and Rhyming (4) concluded that a submaximal 
heart rate of between 125 to 170 beats per minute was the 
best indicator of an individual's aerobic capacity. 

In light of the research which substantiates the 
Sjostrand Test, Knuttgen (19) has stated that determination 
of a steady state heart rate response to submaximal exercise 
is subject to certain errors. First, it is emphasized that 
assumptions must be made that all persons have the same rest- 
ing heart rate and the same maximal heart rate. Knuttgen 
claims that these assumptions are false. Secondly, Knuttgen 
feels that the heart rate-work intensity relationship for any 
individual can be altered by environment, dehydration, blood 


loss, and/or day-to-day physiologic variations. 


VALIDITY 


Wahlund (34) concluded that oxygen consumption could 
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be predicted from work load providing the subject had not 
reached the point of exhaustion. In sixty-six per cent of 
the subjects this estimation was accurate within a range of 
+) 8) pers cents 

DeVries and Klafs (7) determined the correlation of 
the Sjostrand Test to a modified Mitchell, Sproule and Chapman 
féesteltAbcorrelationvof,.703¢esignificantsat the £01. level, 
was found between maximal oxygen intake and the Sjostrand 
Test. The value of this correlation was seen to decrease to 
.973, significant at the .05 level, when oxygen intake/kg 
was correlated to the Sjostrand Test expressed in kpm/min. 


DeVries (9) found that the PWC test correlated well 


170 
with the maximal oxygen uptake of college men, r = .88. The 
standard error of prediction of maximal oxygen uptake from 
the PWC1 75 COs G WdS tose) Per scent. 

Fedoruk (39) studied twenty-four male and twenty-four 
female university physical education students. He found that 
there was a significant difference, at the .05 level, between 
maximal oxygen uptake measures and Sjostrand work capacity 
measures for the females. There was no significant differ- 


ence between maximal oxygen uptake and Sjostrand work capacity 


measures for the male subjects. 


RELABLEITY 
Zahar (40) studied thirty-eight high school students 
and found the Sjostrand Test to be a highly reliable measure 


of physical work capacity. The PWC, 55 Test was administered 
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to each subject six times over a six-week period. The reli- 
ability coefficients between trials were, in order: .886, 
-894, .841, .877, and .947. All five correlations were 
significant at the .01 level. 

Watts (41) studied the test-retest reliability of the 
PWC 75 Test on nine male university students. The correlation 
OfFrebvabilirty for PWCI 59 scores was .89 and for PWC 50/kg. . 


scores was .95. 


IIT. EFFECTS OF TRAINING ON PHYSICAL WORK CAPACITY 


Astrand (2) states that training aims at increasing 

the possibilities for an individual to perform a certain task. 

He also stipulates that a high standard of physical condition 

allows an individual to stand heavy muscular work for a long 

time. The effects of training are specified as (2:322): 

(1) At rest, a constant or slightly decreased basal 
metabolism is seen during the training period. 
(2) The pulse rate is slower. 

3) The stroke volume increases. 

(4) The heart volume increases as well as the residual 
volume of the heart. 

(5) During submaximal work with a fixed intensity, in 
uncomplicated forms of exercise, a fairly constant, 
possibly a somewhat improved mechanical efficiency 
will be observed. 


(6) While performing maximal work, the pulse rate is 
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about the same for trained and untrained persons. 

(7) Aerobic capacity increases as well as capacity to 

accumulate greater oxygen debt. 

Newman (35) studied thirty-nine male and female swimmers 
over a season of training. The training period was from 
nineteen to twenty-six weeks in duration and training sessions 
were held from five to six days a week. The swimmers were 
divided into three groups. The first group consisted of 
males, aged sixteen to twenty-two. The second group was com- 
prised of males, aged thirteen to eighteen. The final group 
Was composed of females, aged thirteen to seventeen. The 
results of the study indicated no significant changes in mean 
PWC, 55 scores for any of the three groups of swimmers during 
the training season. 

Roberts and Morgan (42) determined the relative effective- 
ness of various types of physical activity programs upon the 
physical working capacity of adult males. There were 140 
subjects used in this study. The mean age was 39.14 years. 
The subjects were randomly assigned to a treadmill test (N=76) 
or to a bicycle ergometer test (N=64). The subjects volun- 
teered to participate in one of eight exercise programs. 

These programs included three running groups, two cycling 
groups, two swimming groups, and one circuit training group. 
All exercise programs lasted for six weeks. It was found that 
the physical work capacity of relatively sedentary adult males 
can be significantly improved in six weeks. The results also 


revealed that utilization of the principle of the submaximal 
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heart rate defined as 85 per cent of the predicted maximal 
heart rate is an effective method by which to accomplish this 
improvement (42). The degree of improvement was dependent 

upon the frequency of participation in the particular program 
and the nature of the activity. Running produced more improve- 
ment in physical work capacity than the non-weightbearing 
activities of swimming and cycling. 

Tuttle (43) conducted a study to test the assumption 
that physical education majors should have higher work capa- 
city than student nurses or a group chosen at random. Thirty- 
four physical education majors, sixty-five student nurses, 
and seventy-three individuals chosen at random comprised the 
sample for this study. All subjects were female. Each sub- 
ject rode a bicycle ergometer for two minutes at maximum 
effort. Physical education majors, who participated in 
regular exercise, had a significantly higher physical work 
Capacity than either of the other two groups. The mean maxi- 
mum work rate of the physical education majors was 3076.5 
kgm./min. In contrast, the mean maximum work rates of the 
student nurses and the random sample were 2722.3 and 2617.1 
kgm./min., respectively. It was also found that a maximum 
effort of one minute is as good an indicator of work capacity 
as a maximum effort of two minutes. Maximum work rate was 
reached usually in fifteen seconds and was maintained for 


only a few seconds. 


Adams et al. (36) studied the effects of training on 


work capacity in 196 Swedish school children. The subjects 
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were ten to twelve years of age. Both city and country 
school children were involved in the study. The subjects 
were classified into three major training groups. The first 
group was designated as highly trained and consisted of 
children who were active in sports and received athletic 
awards, who had received a good gymnastic grade in school, 
Or who performed heavy manual labor. The moderately trained 
group consisted of children who had an average gymnastic 
grade, or who walked or rode a bicycle over two kilometers 
to school each day. The final group was termed poorly 
trained and consisted of children who seldom took part in 
sports, who received no awards for sports, or who had a poor 
gymnastic mark in school. A Sjostrand Test was administered 
to the subjects in the late spring and early fall of the same 
year. The results indicated that working capacity was signi- 
ficantly greater with increasing degree of physical training. 
Astrand (cited in 6) compared two groups of trained 
gymnasts and a group without gymnastic training. The group 
without gymnastic training had a physical working capacity 
thirty per cent lower than both the male and female gymnasts. 
Sloan and Keen (44) studied the effect of training on 
the resting pulse rate of oarsmen and rugby players. The 
subjects were comprised of thirty-five oarsmen, forty-five 
rugby players, and twenty controls. Complete data was avail- 
able on only fifty-eight of the original one-hundred subjects. 
The first test was held at the beginning of the academic year 


and then re-tested after a period of from two to four months. 
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During this period the rowing and rugby clubs had been train- 
ing for their respective sports. There was no original signi- 
ficant difference in the resting pulse rates of the three 
groups. However, after the training periods, the oarsmen and 
rugby players had significantly lower pulse rates than did the 
COnerole group : 

Durnin et al. (45) investigated the effect of different 
severities of training during a ten-day period in forty-four 
male air force personnel. The subjects were divided into 
four groups. The first group acted as controls and did only 
the minimum of exercise necessary for everyday life. The 
other three groups walked ten kilometers, twenty kilometers, 
and thirty kilometers daily, respectively. The group of men 
who walked twenty kilometers daily showed the greatest increase 
in physical work capacity. 

Holmgren et al. (46) conducted a PWC,,, Test on hospital 
personnel, fifty-one males and thirty-six females, before and 
after various training periods. The training consisted of 
gymnastic exercises and running once or twice a week for 
several months or daily skiing in mountainous terrain for 
eight to ten days. Both the intermittent long-term training 
and the continuous short-term training were found to increase 
the mean PWC1 39 scores. 

Nagle and Irwin (47) studied the effects of weight 
training on the physical work capacity of forty university 
freshmen, aged eighteen and nineteen. A control group of 


twenty subjects of the same age was also used. The weight 
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training period was eight weeks in duration and all subjects 

were tested on submaximal and maximal exercise on the bicycle 
ergometer: ‘The results indicated that no significant effect 

was produced by weight training on physical work capacity. 

Brouha (48) has drawn several conclusions from research 
conducted on the effect of training on the cardiovascular 
system. Brouha states that the heart becomes more efficient 
with training and is able to circulate more blood even though 
it is beating less frequently. As training progresses, the 
heart rate becomes slower for a standard amount of work. 

The cardiovascular recovery processes are also said to improve 
with training. That is, the better trained the individual, 
the sooner his heart rate and blood pressure return to the 
pre-exercise level. 

Jongbloed (49) observed two skaters and concluded that 
good training improved the circulatory function, the oxygen 
supply and the muscular function of the individuals. 

Frick et al. (50) conducted a study on fourteen military 
service personnel, aged nineteen to twenty-six. All subjects 
were given a PWC 55 Test before and after two months of basic 
training. After the training period, ten of the fourteen 
subjects had increased PWCi 75 scores, three subjects showed 
no change, and one subject decreased slightly. The subject 
who decreased in physical work capacity had a relatively high 
value initially. The mean increase in work capacity was 
twelve per cent and was significant at the .01 level. 


Hall (51) states that a bradycardia effect, a slowing 


. 
doqeees wort menor aa = eee 
vernogsVothres. eds no antatesd Fa. fastis aAD BO, etoub 
Ingtyitte svom somhagd dyce) saddens 2evate sivere, ay 3 : 
evens nays 046TH sinm Sieluayto oa aise at-bns oniniand atttw 
eAs , osez2e7poNg enlatensd vA ‘VT Snsupstt geal yntised -ahiat 
dvow Fo taopesy brsbAst: =» Ot Tswola 25monsa StS" jahed 
avenq@! of bige 2s axe 2522d0010 YISvoIay veTuseevotbyea gat 
elaubtvetnt sis banter wasted end: .2t Sant ‘Cot ATO ee 
gz of aiiie,n 445uzes1q boold bre Siéey dtgon zi sshope.edt 
. Fowel cies i - 
font bebelsnoa brie an otedz awi bevysers (GS) teotdennt « 0) i 
NSPYRO Sit~,notdoaud yrod shletts silt DEVOrIME ® Qoterets boop . 
»2teubrvtbal ent to .coftoqu) tetova sit bns Ylggua © 
Cierh lim sseinuol ne vbet2 © batsubaos (087 Gime £5 ASIF sos 
edoaiguc (FA .xfe-vsuewy of nesyonin (hape , leinoeysq aorvtes | 
oFead Yo andnom ows: yelts bits atotad: dest ocr’? & nav hg (Baa) 
feer4e0t sit to ad Chotise og hn ream wie’ 1357s .qnintsad 
SeWore etosiidwe ssndd f2st092 orpaWsbazasian! bed 2299hdue 
toshdi2 att MERE EN bsassi396 Jastene ano bos .apnkha on 
igi# yfavizales cer wiheses a . ise SaanstDeb offw” 


ay, 


of the heart rate, appears with training. A physiological 
interpretation for this effect is given. This researcher 
feels that training results in hypertrophy of skeletal muscle, 
hypertrophy of the heart, increase in blood volume, and 
increased capillary development in skeletal muscle. 

Cureton and Phillips (52) observed the changes in 
seventy measures of the heart and cardiovascular condition 
in middle-aged men after an eight week training period. The 
subjects were six males, aged twenty-eight to forty-seven. 
During the training period, workouts were held one hour per 
day, six days a week. The subjects' physical work capacity 
was tested once each month on a maximal treadmill test. A 
Significant improvement in physical work capacity, at the .01 
level, was found after the eight week training period. 

Thirteen world championship skaters were studied by 
Enschede and Jongbloed (53). The skaters participated in a 
Six month training period and were examined three times during 
that period. Each subject performed two maximal tests at each 
testing session. The results indicated that oxygen capacity, 
maximum pulse frequency, maximum oxygen pulse, and maximum 
oxygen intake all markedly increased during the training 
period. 

Faulkner (54) investigated the effect of cardiac con- 
ditioning on the anticipatory, exercise, and recovery heart 
rates of university freshmen and university athletes. Forty 
university athletes, participating on either the football, 


gymnastics, hockey or track teams, and twenty freshmen com- 
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prised the sample for the study. The athletes were tested 
before and after their respective season. The athletes had 
lower resting, anticipatory, and recovery heart rates than 
the non-athletes both initially and terminally. However, 
there was no significant differences between the athletes and 
non-athletes in terms of physical work capacity. 

Watson (55) assessed the effects of a twenty-one week 
season of ice hockey on ten varsity hockey players, aged 
twenty to twenty-five. A group of ten undergraduate and 
graduate students, aged nineteen to twenty-eight, acted as 
the controls. All subjects were tested on a modified Sproule, 
Chapman maximal oxygen consumption test. Testing took place 
on three occasions: pre-season, mid-season, and end of season. 
The hockey players showed a significant increase in maximal 
oxygen consumption in terms of liters per minute between pre- 
season and end of season testing sessions. There was no 
significant difference between the control and experimental 
groups when maximal oxygen consumption was expressed in terms 
of ml/kg/min. No significant difference between the sub- 
maximal heart rates of the hockey group and control group 
could be attributed to the hockey training program. 

Twenty varsity football players, aged nineteen to twenty- 
four, were tested during periods of pre-training, traanings 
and de-training to investigate physiological changes which 
might occur during and following a season of football (56). 
The results indicated no significant differences in mean 


systolic blood pressure or mean pulse rate after exercise. 


bhosdns Jaw fea hennqute quad ANT 
Seon Sna-vinsn? 6 to \abjatts an? hee2szes (aa) rest 
bage ,evakoTy “sagen ytterev tes no Yadoon sof 19 osenee 
Snip stevbsrpisbaw ast to quote Svrt-yiiend o> Ye LA _ : 

26 bS755 ,2NpTS=y NSWI od nestenth b5e8 _2prabut2 sisubang 
,sltorge betithen ono bedast svew edastdue (TA vahotsa i 
edafn 2007 ontsesT: 283 notiqniando nepyxe feinbksm nama md 
ynoacws So Las bas ,npesse-him ynoesse-sig f2not 26390 ood mo a 
fomivam Al sasetont HsoT tints 5 bawode etayely yetoad eal _ 
et) weawisd- oiunhmoved atortlFo. amves nt notigqnuzies negyeo 
on 64 gusnT  enoteesz- gatves* noesse TO base bane nomeee - 

fAtAemPiaqxe bane Lovano ond nsavted songretith sasorttagte 
swuse cf} bezessnxe sew wotiqnughos faeXy%o Temtxam now sqhOm® 
ade and noowred eHONaDE A sn atT Ente of «. tin pa ime to, Z _ 
quevy fondinoy bis quove YSi20d Sf) to ete t1sed hemie 
metgorg PNPNES vedvoW Gis G2 dbadudtitye sd bye 
-ysnews of nsetenin bene. . ergyeig i bedtost yrreisy xonewT © i 
eQhrmtony babii dal to abotvaq garit ooo abt stow ey 7, 


rat) 


However, Hammer (56) concluded that the pulse rate measured 
after a standard form of exercise will become lower as an 
athlete continues to participate in a systematic training 
program. 

Hanne (57) studied twenty-eight basketball players, 
thirteen young cyclists, and seventeen adult cyclists during 
preparation for their respective national championships. All 
subjects practised five to six times a week. A step test 
was administered and oxygen uptake and carbon dioxide emission 
values were obtained for each subject. Regular training was 
shown to favorably influence oxidizing and recuperative pro- 
cesses and the condition of the subjects in all groups. 
Hanson and Tabakin (58) compared the circulatory response to 
exercise in twenty-five normal men, aged twenty to twenty- 
nine, and nine male distance yunners, aged eighteen to twenty- 
four. All subjects were studied while standing and recumbent 
at rest and while walking on a treadmill. They found that 
the heart rate at both rest positions and during all levels 
of exercise was lower in the distance runners. These differ- 
ences became greater and more significant as the work loads 
increased. Tabakin et al. (59) revealed that these same dis- 
tance runners showed a decrease in exercise heart rate after 
three months of training. The differences between pre-train- 
ing and post-training exercise heart rate was not significant 
however. 


Andrew et al. (60) studied the effects of training in 


athletes and non-athletes. Each subject served as his own 
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control. The athlete group consisted of four university 
hockey players, aged nineteen to twenty-three, and the non- 
athlete group consisted of four male university freshmen, 

aged seventeen to nineteen. The hockey players trained from 
Six to eight hours weekly for four months. The non-athletes 
engaged in a four week training program in which they spent an 
hour daily, five days per week, on running, bench-jumping, and 
rope-climbing exercises. All subjects were tested on a 
bicycle ergometer at three submaximal work loads. The work 
loads for the hockey players were 550 kpm/min., 750 kpm/min., 
and 900 kpm/min., respectively. The work loads for the non- 
athletes were 350 kpm/min., 550 kpm/min., and 750 kpm/min., 
respectively. Both before and after the respective training 
programs, the athletes had a lower mean minute volume, lower 
mean stroke volume at the two external work loads, and a lower 
mean heart rate at the higher work load. The hockey players 
significantly decreased their mean heart rate at the work load 
of 550 kpm/min. On the other hand, the mean heart rate of 

the non-athletes significantly decreased in the 350 and 550 
kpm/min. work loads. Significant decreases in all cases 
occurned’atathe: :05%level. 

Cumming et al. (22) studied six boys and six girls, both 
aged thirteen to sixteen, during a six-day period of intensive 
trainifigeatea youth*s*track camp. All subjects were=tested 
on a bicycle ergometer using the method of Wahlund (34) for 
submaximal results. The maximal load used was extrapolated 


from those results. Each subject was tested twice daily. 
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There was no change in the maximal oxygen uptake for either 
the boys or the girls during the six-day period. Submaximal 
pulse rates were seen to decrease six beats per minute for a 
constant work load. Maximal pulse rates decreased seven beats 
per minute for a constant work load. The results also indic- 
ated that submaximal pulse rates tended to decline during 
training before any increase in aerobic capacity occurred. 
Karvonen and Barry (61) investigated the effects of a 
Six-month training program on fifteen sedentary males, aged 
thirty-five to fifty-five. The training program was offered 
at noon six days per week and mean attendance was 3.4 times 
per week. A bicycle ergometer was used to test physical work 
Capacity. The initial resistance on the bicycle ergometer 
was set at zero and was increased by 300 kpm/min. every two 
minutes. Each subject exercised until his heart rate reached 
150 beats per minute. When the heart rate reached this level 
the test was terminated. As training progressed, the subjects 
were able to pedal for longer periods of time before reaching 
a heart rate of 150 beats per minute. The mean duration of 
the ride increased from 8.86 to 10.79 minutes. This value 
is significant at the .001 level. In addition, mean heart 
rates at standard work loads were at least ten beats per 
minute lower. This difference is significant at the .01 level. 
Swenson and Zauner (62) conducted a study on ten sed- 
entary males, aged thirty-six to fifty-six, in order to study 
the effects of physical conditioning on physical work capacity. 


The subjects participated in an eight week conditioning period 
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Which consisted of strength and flexibility-developing calis- 
thenics, weight training, and running. Running was the major 
part of the program. Subjects were tested on a treadmill 
before, during, and two weeks after training. Physical work 
capacity was observed to increase significantly. 

The effects of seasonal training on maximal cardiac out- 
put were studied by Douglas and Becklake (63) on four univer- 
sity hockey players. The subjects were tested before and 
after their four month training period. A bicycle ergometer 
was used to administer submaximal and maximal tests to the 
Subjects. Each subject significantly increased his maximal 
work capacity over the training period. The researchers noted, 
however, that maximal heart rate and other values tested did 
not increase significantly. It was found that after training 
all subjects performed a given work load with less stress on 
circulation and respiration than before training. Therefore, 
a greater maximal work capacity was possible after training 
even though no increase in maximal circulatory capacity was 
evident (63). 

Ekblom et al. (64) investigated the effects of sixteen 
weeks of training on the circulatory response to submaximal 
and maximal exercise in eight male subjects, aged nineteen to 
twenty-seven. The subjects were tested on a bicycle ergometer 
and it was shown that as a result of training the mean heart 
rate on the standard submaximal work load had decreased from 
170) ton 144 beats per minute. This difference iss significant 


at the .05 level. The maximal oxygen uptake was found to be 
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sixteen per cent higher than before training. 


1. (65) found that long-term physical train- 


Hanson et 
ing had significant effects on the physical work capacity of 
middle-aged men. The subjects for this study consisted of 
seven sedentary males, aged forty-six to fifty-one. Each sub- 
ject was involved in a seven-month training program. Testing 
was done on a bicycle ergometer and on a treadmill. Results 
revealed that physical work capacity was markedly increased. 
There was also a significant difference in resting and exer- 
cise bradycardia. 

Saltin et al. (66) studied the response to exercise 
after training in five male college students. The duration 
of the training period was from fifty-three to fifty-five days. 
This involved two workouts daily, Monday to Friday, and one 
on Saturday. Workouts consisted of both interval and continu- 
ous exercise. No difference was apparent in maximal oxygen 
uptake values after the training period but during submaximal 
exercise heart rate was ten to fifteen beats per minute lower 
for any standard work load. 

Sinning and Adrian (67) studied work capacity changes 
in seven female intercollegiate basketball players after a 
two month season. Eight female subjects served as the control 
group. The basketball season consisted of twenty-five 
organized practises and seven games. Subjects were tested 
at the beginning and end of the season on a bicycle ergometer. 
Both maximal and submaximal exercise tests were administered. 


There was no significant change in submaximal values however, 
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mean maximal oxygen uptake for the basketball group signifi- 
cantly increased from 34.4 to 38.8 ml/kg/min. 

Six male elementary school students, age eleven, under- 
went a six-month training period which included seventeen 
sessions of interval training, thirteen sessions of dash 
training, nine sessions of distance training, five sessions 
of strength training, and nine sessions of ball games. 

Ekblom (68) administered two submaximal work tests on the 
bicycle ergometer to each subject before and after training. 
The submaximal tests were carried out at work loads of 300 
and 450 kpm/min. Each work period had a six minute duration. 
Results indicated that at a work load of 300 kpm/min., the 
mean heart rate decreased from 129 to 122 beats per minute. 
At a work load of 450 kpm/min., the mean heart rate decreased 
from 147 to 139 beats per minute. 

Fardy (69) studied eleven members of an intercollegiate 
soccer team to determine the effects of a ten-week program 
of training. The subjects were nineteen to twenty-one years 
of age. Five male undergraduate volunteers acted as the 
control group. Each subject was tested on four occasions: 
before training, after five weeks of training, after ten weeks 
of training, and after five weeks of detraining. A bicycle 
ergometer was used for testing. All subjects were tested at 
rest, during and at 1% minutes following a submaximal ride, 
and during and at two, five, ten, and fifteen minutes of a 
maximal ride. The results indicated that changes in cardiac 


and metabolic measures are more evident during work than at 
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rest. The ten-week training program revealed significant 
increases in ventilation and oxygen intake measures. These 
increases were significant at the .05 level. It should be 
noted that most of the fitness improvements were made during 
the first five weeks of the program. 


Pollock et al. (70) compared the training effects of a 


two day per week program as opposed to a four day per week 
program. The subjects were nineteen male volunteers, aged 
twenty-eight to thirty-nine. The mean age was 32.5 years. 
Eight sedentary males formed the control group. The subjects 
in the experimental group were divided into two sub-groups. 
One group exercised two days per week for twenty weeks and 
the other group exercised four days per week for twenty weeks. 
Each exercise session consisted of thirty minutes of continu- 
ous walking, jogging, or running. A treadmill test was 
administered to all subjects. Both exercise groups improved 
significantly in physical work capacity and cardiovascular 
fitness. However, the four days per week group showed a 
greater improvement in work capacity and cardiovascular fit- 
ness than did the two days per week group. It was also shown 
that the majority of between group training effects occurred 
during the latter weeks of the training program. Therefore, 
a conclusion was drawn that maximum or optimal training 
effects occur after many weeks of training. 

Faria (71) studied the effects of training to heart 
Yates DtewieGsrto 130), 1A0P tor 1508 mndyl60 ito a 70Mbeatseper 


minute on physical work capacity. Forty male college students 
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served as subjects. The subjects were divided into three 
training groups and one control group. The training program 
consisted of bench stepping until the assigned heart rate 
was elicited, five days per week for four weeks. The results 
Supported the hypothesis that the severity of the training 
SPrortetsere lated ton but inet irovortiiona Wito,. aimtens ity of 
training when training to improve physical work capacity (71). 

Sharkey (38) conducted a study on thirty-six male college 
students in which the subjects were assigned to train at one 
of three levels of work intensity and one of two levels of 
work duration. The three levels of work intensity included 
training at heart rates of 130, 150, and 170 beats per minute. 
The two levels of work duration were specified in total kilo- 
pond meters of work performed. The two levels were 750 and 
1,500 kpm/min. As a result, six different training programs 
were studied. Each program consisted of riding a bicycle ergo- 
meter at the specified intensity and duration three days per 
week for six weeks. All subjects were administered three 
buddsipefora and after the six week training program. The 
tests included the Astrand-Rhyming step test prediction of 
maximal oxygen intake (4), the Balke treadmill test (cited 
in 55), and the Sjostrand physical work capacity test (8). 
The results revealed no pre-post training differences between 
intensity, duration, or interaction of any of the six training 
programs. 

Steadward (37) studied the effects of a three-month 


jogging program on the heart rate, blood pressure, vital capa- 
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city, body fat, and physical work capacity of seventy-nine 
males, aged twenty to 50-plus. The mean PWC 55 increase was 
8.85 per cent. The mean PWC1 3 per kg. of body weight improved 
9.91 per cent and the mean PWC per kg. of lean body weight 
increased 8.79 per cent. It was also shown that mean PWC 
improvement increased more significantly with age. 

Nagle and Pellegrino (72) investigated the changes in 
maximal oxygen uptake in six high school runners, aged four- 
teen to seventeen, over a competitive track season. The 
training period was of seven to eight weeks duration. Sub- 
jects were tested, before and after the training period, on 
a treadmill. The results indicated that each runner increased 
his aerobic power in excess of 200 ml/min. The range was 
from 215 to 288 ml/min. 

Holmer and Astrand (73) examined the oxygen uptake of 
female identical twins. One of the twins was receiving special 
swimming training at the time. The girls were tested in swimm- 
mG, running, and DICYCling SitUations.1 feine girl trained “in 
swimming reached higher oxygen uptake values than her twin 
sister in all of the exercises with the exception of running 
uphill at a grade of three degrees. 

Massicotte (74) studied the relative effects of three 
intensities of training upon the cardiorespiratory fitness 
of children. The subjects were thirty-six boys, aged eleven 
to thirteen. The subjects were divided into four groups. 

Three groups trained at heart rates of 130 to 140, 150 to 160, 


and 170 to 180 beats per minute, respectively. The fourth 
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group acted as a control. Each of the three experimental 
groups trained on a bicycle ergometer three times per week 

for six weeks. Each training session was of twelve minutes 
duration. All subjects were tested on the bicycle ergometer 
before and after the six week program. There were significant 
decreases in heart rate for the three training groups at sub- 
maximal work loads. However, no significant differences 


occurred between the three training groups. 


TV. PHYSICAL WORK CAPACITY AND AGE 


The literature generally agrees that physical work capa- 
city steadily increases with age to a certain point. Then a 
levelling off occurs and physical work capacity declines (3, 
Gyo Ore) 4/ OO 7161) 

In Howell and Macnab's study (14), which examined a 
cross section of Canadian children, the results indicated 
that a continuous increase in mean PWC) 4 for each age group 
from seven to seventeen occurred in the male sample. In the 
female sample however, this continuous increase ceases at the 
age of thirteen and a levelling occurs. 

Astrand and Rodahl (3) state that the mean value for 
heart rate at a given submaximal oxygen uptake is the same 
for individuals of the same sex and state of training regard- 
less of age. They feel that this applies from the ages of 


twenty-five to at least seventy. 
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V. PHYSICAL WORK CAPACITY AND SEX 


Research indicates that males usually have higher physi- 
cal work capacity values than do females (12,14,36,75,/76,/7/7, 
790, 

Astrand and Rodahl (3) state that before puberty there 
is no significant difference in maximal aerobic power between 
males and females. However, after puberty, the male's maximal 
aerobic power is seen to be twenty-five to thirty per cent 
higher than that of the female's. On the average, the maximal 
oxygen uptake for a sixty-five-year-old male is the same for 
a twenty-five-year-old female. 

Bengtsson (6) has found no significant differences in 
work capacity between males and females up to the age of 


fifteen. 


VI. PHYSICAL WORK CAPACITY AND BODY WEIGHT 


Physical work capacity appears to increase with increased 
weight (36,75,/7). 

Howell and Macnab (14) found that correlation coefficients 
between body weight and PWC, 49; for each age group, ranged 
from =". 20 com =). 60 Toremdaless = ine Correlation coer ti cient 
for the female age groups ranged from r = .2] tores= .odl. 

Taylor (80) concluded that during submaximal exercise, 


oxygen uptake was primarily a function of body weight. This 


relationship decreased sharply during maximal work. 
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VIT. PHYSICAL WORK CAPACITY AND BODY HEIGHT 


Adams et al. (36,75) state that work capacity has a 
tendency to increase with increased height. 

Cumming and Cumming (77) studied Winnipeg children and 
found that correlations between PWC. 75 and body height were 


P=s2005 TOr boyseand r= 658 3for girls. 


VIII. PHYSICAL WORK CAPACITY AND PERFORMANCE 


Newman (35) studied twenty-five male and fourteen female 
swimmers over a season of training. Physical work capacity 
scores and performance times were recorded for each subject. 
The results indicated no significant changes in either mean 
PWC 70 scores or mean performance times over the course of 


the swimming season. 


IX. PHYSICAL WORK CAPACITY AND MOTIVATION 


Taylor (80) states that motivation has a minimal effect 
on physical work capacity provided the work test which is 
administered is simple and standard. 

Wilmore (81) conducted a study on twenty-two male 
college students in which the physical work capacity of each 
Subject was assessed under two control conditions and one 
experimental condition. The subjects were motivated by a 
competitive situation in the experimental condition. A bi- 


cycle ergometer was used to assess physical work capacity. 
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There were no significant differences in physical work capa- 


city scores between the three conditions. 
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CHAPTERS iia 


METHODS AND PROCEDURE 


[8 SSUBUEC TS 


The sample used for this study consisted of twenty-six 
intercollegiate football players from the University of 
Alberta. The subjects were volunteers, between the ages of 
eighteen to twenty-four inclusive. The mean age was 20.5 


years. 


II. EXPERIMENTAL PROCEDURE 


The duration of the study was twelve weeks. This 
included one week prior to the pre-season period, a two week 
pre-season period, and a nine week regular season period. 

The first testing session occurred during the five days 
immediately prior to the start of the pre-season period. 

The second testing session was held immediately after the 
completion of the two week pre-season period. The third and 
final testing session was held during the last five days of 

the regular season period. Complete data had been obtained 

on all the subjects at least one day before the football team's 
final league game. 


The subjects were neither tested in a particular order 
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nor at a particular time of the day during any of the testing 


sessions. 


IIIT. ANTHROPOMETRIC DATA 


Prior to each testing session, the following anthropo- 
metric data was collected from each subject: age (years and 
months), height (inches), and weight (pounds). This informa- 
tion was recorded on a specifically designed data sheet 


(Appendix D). 


Dee eC ULE MENT 


The ergometer used in this study was a Von Dobeln bi- 
cycle, manufactured by the Monark Company Limited of Sweden. 
The wheel of the ergometer was braked mechanically by a fric- 
tion belt. The amount of resistance offered by the friction 
belt was regulated by a sinus balance, scale, and tension 
regulating mechanism on the bicycle ergometer. The sinus 
balance of the bicycle ergometer was calibrated before each 
testing session. The method of calibration was identical to 
that stated by Howell and Macnab (1). The height of the seat 
could be adjusted to individual preference. 

An electrical counter recorded the number of revolutions 
pedalled. The counter was connected to a microswitch which 
in turn was attached to the pedal axis. 


An electrical metronome was used to assist the subject 
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in maintaining a pedalling rate as close to sixty complete 
revolutions per minute as possible. Therefore, the metronome 
was set to 120 beats per minute. 

A Sanborn 500 Visocardiette Recorder was used to record 
heart beat. Heart beat was recorded from two chest electrodes 
and one reference electrode. The chest electrodes fitted at 
the first intercostal space directly below each nipple and 
below the pectoralis major muscle while the reference elect- 
rode fitted below the subject's right scapula (1). 

A stopwatch was used to time the twelve minute test. 

In order to standardize instructions, a tape recorder was 
used to introduce each subject to the test. 

A weigh scale with a height-measuring device was used 
to obtain the height and weight of each subject. 

A heart rate conversion sheet (Appendix F) was used to 
convert the heart-beats, as recorded by the electrocardio- 


gram, to heart rate per minute. 


VPP eTeEST *PROCEDUREVFOR THESDETERMINATION OF PWC 75 


All subjects were requested to wear gym strip, shorts 
or sweat pants and running shoes, to each testing session. 

Upon entering the laboratory, the required anthropo- 
metric data (height, weight, and age) was obtained for each 
subject. The subject sat on the bicycle ergometer and the 
height of the seat was adjusted so that the knee was slightly 


bent when the lower pedal was resting directly below the 
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longitudinal arch of the foot (1). The subject then listened 
to a tape recorded set of instructions related to the test 
procedures (Appendix E). While listening to these instruc- 
tions, the electrocardiograph leads were connected to the 
subject by the tester. After the instructions were heard, 

any questions the subject had regarding the performance of 

the test were answered. 

The subject's resting heart rate was then calculated. 
The method of calculating heart rate, throughout this study, 
involved determining the distance of three heart-beats, as 
recorded by the electrocardiogram, and then converting this 
distance into heart rate per minute by means of the heart rate 
conversion sheet. The test, as such, was not started until 
the resting heart rate was 100 beats per minute or less. 

Once the resting heart rate was at an acceptable level, 
the electric metronome was turned on and the subject was asked 
to start pedalling at a rate of sixty revolutions per minute. 
The subject was encouraged to keep in time with the sounds 
emitted by the metronome. The subject was allowed to adjust 
to the pace with no work load. When the pace was achieved, 
the initial work load was set and the electric counter and 
stopwatch were started simultaneously. 

The test consisted of riding the bicycle ergometer for 
twelve consecutive minutes, four minutes at each of three 
progressively heavier work loads. The heart rate and pedal 
revolutions were recorded within the last five seconds of the 


fourth, eighth, and twelfth minutes of exercise. At the end 
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of the fourth and eighth minutes of exercise the work load 
was increased. The initial work load (1.5 kp. for all sub- 
jects) was set to elicit a desired heart rate of 115 to 130 
beats per minute, after four minutes of exercise. The second 
work load had a desired heart rate response of 130 to 145 
beats per minute, after eight minutes of exercise. The third 
and final work load had a desired heart rate response of 160 
to 180 beats per minute, after twelve minutes of exercise. 
The subject was not allowed to stop at any time during the 


twelve minute testing session. 


VI. THE FOOTBALL TEAM'S PRACTICE AND GAME SCHEDULE 


The subjects of this study were members of the 1973 
University of Alberta intercollegiate football team. This 
team had an eleven week season which included a two week pre- 
season period and a nine week regular season period. 

The first week of the pre-season period consisted of 
two practices a day. The remaining ten weeks of the season 
consisted of one practice a day, Monday through Friday, with 
a game on Saturday. On occasion, Sunday practices were also 
held. The team's weekly practice schedule is included in 


Appendix G. 


Vil. CONDITIONS OF TESTING 


All subjects were tested in a Physica] Education Labora- 
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tory in the Physical Education Building at the University of 
Alberta. 

There was no attempt to control or record the tempera- 
ture, humidity, or barometric pressure of the testing labora- 


tory. 


VIII. STATISTICAL ANALYSIS 


The raw data obtained during the testing sessions was 
converted into PWC1 55 and PWC, 50/kg. values by the use of an 
APL program (Appendix A) in conjunction with an IBM 360/67 
computer. 

The PWC and PWC, 50/kg. scores, for the football and 
control groups,were treated to determine whether significant 
differences occurred throughout the eleven-week training 
period. 

A two way analysis of variance with repeated measures 
was used to treat the data. A FORTRAN program was used to 
compute the analysis of variance. 

Where significant differences within groups were indic- 
ated by the analysis of variance, a Scheffe Test (2) was 
used to determine between which testing sessions these differ- 
ences occurred. Significant differences between groups at 
one testing session were determined by the use of a Scheffe 
Pesvoue(ic y's 

In addition, the football data was analyzed by position. 


A two way analysis of variance with repeated measures was 
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also used to treat these physical work capacity scores. When 
the analysis of variance indicated significant differences 
within or between positions, a Scheffe Test was used to deter- 


mine where the differences occurred. 
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CHAPTER IV 


RESULTS AND DISCUSSION 


The purpose of the study was to compare the physical 
work capacity, as measured by a modified Sjostrand PWC1 55 
test, of intercollegiate football players at three times dur- 
ing the course of a season. The players were tested at the 
beginning of pre-season training (Test I), at the end of pre- 
season training (Test II) and at the end of the regular sea- 
Som hese lln 

Data was obtained on fifty-five football players during 
the first testing session. Throughout the season, twenty- 
three subjects left the team and six subjects were injured 
while playing. Therefore, complete data was obtained on 
twenty-six intercollegiate football players. Nineteen first- 
year university physical education students volunteered to 
serve as control subjects. 

In this chapter the results are presented by group and 
by position. The former refers to the football players, as 
a group, and to the control subjects, as a group. The latter 
refers to the football players in terms of the primary posi- 
tion played. Four positions have been defined: (1) offensive 
linemen, (2) offensive backs, (3) defensive linemen and (4) 
defensive backs. 


Any significant differences which are stated in the 
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results occur at the .05 level. 


IT. ANTHROPOMETRIC DATA OF THE GROUPS 


The mean age, height, and weight of the football and 
control groups are presented in Tables I and II (pp. 59, 60). 
The mean age and height reported are those values obtained 
during the first testing session. The mean weight values are 
those recorded at each of the three testing sessions. Anthro- 
pometric data for each subject is presented in Appendix B. 

The football players, as a group, were older, taller, 
and heavier than the controls. As the literature (1,2,3,4, 
5,6) indicates, these age, height, and weight factors are 
important when comparing the physical work capacity of indivi- 


duals and/or groups. 


II. COMPARISONS WITHIN AND BETWEEN GROUPS 


A two way analysis of variance with repeated measures 
(7) was used to treat the football and control group physi- 
cal work capacity scores. Table III (p. 61) summarizes the 
analysis of the PWCi 59 scores for the two groups. Significant 
differences occurred within and between groups. The PWC) 5/ 
kg. score analysis appears in Table IV (p. 61) and significant 
differences were noted within groups but not between groups. 
Tables III and IV (p. 61) do not contain all the information 


that was provided by the IBM 360/67 computer. 
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TABLE. U1) 


TWO WAY ANALYSIS OF VARIANCE WITH REPEATED 


MEASURES OF THE SJOSTRAND PWC TEST MEANS 


170 
MEASURED AT THREE TIMES DURING THE TRAINING 


SEASON FOOTBALL PLAYERS, N=26, CONTROL GROUP, N=19 


a eee 


CS 


Source of Sun Or Mean 
Variation Squares df Square F P 


Between Groups 3,006,050 ] 3,666,030 29.46 =,001 


Within Groups 288,540 2 144,270 6.45 .002 
Interaction 5923.6 70 2 91,740 4.10 .01 
TABLE IV 


TWO WAY ANALYSIS OF VARIANCE WITH REPEATED 
MEASURES OF THE SJOSTRAND PWC15,/kg. TESDAMEANS 
MEASURED AT THREE TIMES DURING THE TRAINING 
SEASON FOOTBALL PLAYERS, N=26, CONTROL GROUP, N=19 


Source of Sum of Mean 

Variation Squares df Square F P 
Between Groups Oreo ] CeO) .004 94 
Within Groups 60.748 2 SU oa) TAS] <.001 


Interaction 24.545 fe Le a | Say aU 
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The mean PWC and PWC, 5)/kg. values for both groups 


appear in Tables V and VI (p. 62), respectively. 


TA) Seay 


PWC, 55 GROUP MEANS MEASURED AT THREE 
TIMES DURING THE TRAINING SEASON 


Test I Test II Test III 
Football 
N=26 1341] 1490 sll ese he 
Control 
N=19 1010 1063 1151 
FAB beaa s 


PWC, 5,/kg. GROUP MEANS MEASURED AT 
THREE TIMES DURING THE TRAINING SEASON 


rest. I Test II Test III 
Football 
N=26 15.49 17.22 16.36 
Control 
N=19 15.25 16.20 17.43 
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DIFFERENCES WITHIN THE FOOTBALL GROUP 


a 


A Scheffe Test was used to compare football group means 
from one testing session to another. Table VII (p. 63) out- 


lines the Scheffe Test results for mean PWC scores and 


170 
Table VIII (p. 64) outlines the results for mean PWC, 7,/kg. 


ScCOres.. 


TABLE VII 


SCHEFEE«TEST-.FOR.BETWEEN-LEST. PWC, 


MEANS FOR THE FOOTBALL PLAYERS 


Mean Critical Calculated 
rest I mes tale Test III Difference E F 
134] 1395 54 NS 6.22 ee 
1341 1490 149* 6.22 13.05 
1490 1395 95 NS 6.22 5.30 


*~ significant at the <05 level. 
NS Notasigqnificantrat-the, .05slevel. 


It can be seen from Table VII (p. 63) that the differ- 
ence between the beginning of pre-season and end of pre-season 
mean PWC 39 scores for the football players was significant. 
Differences in mean PWC, 55 scores for the other two compari- 
Sons were not significant. 

The mean PWC 7,/kg. scores were also found to be signi- 


ficantly different between the beginning of pre-season and end 
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TABLE VIII 


SCHEFFESTEST “FOR BETWEEN TEST PWC, 75/kg. 
MEANS FOR THE FOOTBALL PLAYERS 


NN  ——— 
a NN 


Mean Gritical Calculated 
Test I rest If Ges telt ! Difference F r 
15.49 16.36 .87 NS 6.22 2.86 
15.49 17.22 a7 3* Guee Wess 
72 16.36 .86 NS 6.22 2.79 


~ Significant at the .05 level. 
NS Not significant at the .05 level. 


of pre-season tests. Differences between the two other mean 
PWC, 5 9/kg. comparisons were not significant. 

These results indicate that the only significant differ- 
ences in mean PWC, 4 and PWC, 5,/kg. scores, for the football 
players, occurred during the fourteen-day pre-season period. 
No significant differences appeared between the beginning and 
end of the nine-week regular season period or between the 
eleven weeks from the beginning of the pre-season to the end 
of the regular season. As can be seen from Figures I and II 
(pp. 65, 66), there is a very rapid increase in mean PWC, 2, 
and PWC, 50/kg. values between the first and second testing 
sessions. Then a gradual decline appears between the second 
and third testing sessions. It can be assumed therefore that 


a relatively high emphasis was placed on physical conditioning 
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FIGURE I 


CHANGES IN MEAN PWC, 79 SCORES DURING THREE TESTING 
SESSIONS FOR THE FOOTBALL AND CONTROL GROUPS 
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during the pre-season period. This emphasis decreased dur- 
ing the regular season. It would seem that this is a logical 
assumption because a pre-season period for a football team 

is usually a time in which the players are working towards 
achieving playing condition. However, once the season starts 
the emphasis has a tendency to shift from conditioning to 
individual and team play execution. The majority of the 
regular season practice schedule concentrates on team offen- 
sive and defensive skills. The physical conditioning of the 
players, as such, is usually confined to a relatively few 
minutes in the latter stages of the practice. This is exempli- 
fied in the football teams' weekly practice schedule (Appen- 


dix G). 


DEPRERENCES WLTHIN: THE CONTROL GROUP 

Group means for the control subjects were compared by 
the use of a Scheffe Test. Within the control group, signi- 
ficant miicerences were evident between the first and third 
testing sessions for both mean PWC. 75 and PWC, 5/kg. values. 
These outcomes are summarized in Tables IX and X (pp. 58). 

Figures 1 and fl (pp. 655.66) illustrate that the control 
group steadily increased in mean PWC, 79 and PWC, 79/kg. scores 
from the first testing session to the third. 

Results of this nature might have been anticipated due 
to the type of control subjects used. All controls were 
university physical education students who participated in a 


variety of activity courses each week. No significant differ- 


i ao ee i 


=e hum ll gin? but 
fas tpot | 5 eb oF send nap bivowW nw. 


seed Thedtoo® « 409 bot159 noesoes et saunas no sabe if 


- 


nt, 
= " abaswor ONTANOW ets rrayely sit aotitw nh ‘ents we Wau et 


esiste vowsee ants $306 Sy swol -ngt2 tb pes entye lq pnt af - : 
OF Qutmofsthaos moNt FT ie oF yangbnst 5 Zan -besdgma’ aid in 
$A3 Yo ui hrotsm any ,forsupax <s Yat Wwes7 bas feubivtnt” 


= fn 


i | 


WaT Ulaviic!ss 5 of osarinoo vi feugu ef , fave 28 yaveyele ‘ 


7 
4 


-fist?o mbst 0 eO7 bTINSING? sfuberse sutdos*” neenea tan 


wd To patio tT TT ee fpoheude ont .c2fltde svienateb: pee 


-Flgmexd zt 2tn? aoteosyq snd to engude verte! sdt AT eegual 
a 
-neqgA) slubsioz sotsosiq YTisaw "zeae i sdyoot ‘Sd3 at, et 25 
a 


_~ 
_ 


& 
(SUORS Jago. INT WaT IM za9NIRTIO ‘, 
yd bovéqnos Ssr9w efzefdue fortron sht vo? 2nsam quota 7 


-fapt2 ,qhovw foxrstnon edt nintiw dee) Sisto? 5 to seu sits a 
Ginns. bas sevit esndd nsswisd sasbivs shaw esononstTrh. sapatt 
POUFEY .OI\ 5. IWF bas pc (IHS posm Hod Yel enotazpe’ potas 
88> .4q) Kk bne XE 2ehdsT ni bss tYnainue ss zenesdvo. 9280T 
forsnoo ofd toads st ey teur tt aa , oa $99) 41 tree i zaquety 
(2at022 WAV, aH bas ors Asem AF bseaevont vl tbeate = 7. 
a bedded 03 nbFeea, ‘eats sen}? ond 9 moyT a 

= Por basaylotine nyod avad trigta onubem 2 ad Yo ett vaed s 
evsew sfovtoes 10h <hae u esas Aiea Ye Ip ,. ‘add! bt 
+ nt enegnane ll aanebuse not 18 Fianant H 


68 


TABLE IX 
SCHEFFE TEST FOR BETWEEN TEST PWCi 4, 
MEANS FOR THE CONTROL GROUP 
Mean Critica Calculated 
Test I Leste. Test. If] Difference EF F 

1010 1151 141* 6.22 8.9] 
1010 1063 53 NS 6.22 1225 

1063 1151 88 NS 6.22 43.47 


* significant at the 205. leyel. 
NS NOt Significant at®ther 05 1evyets 


TABLE X 


SCHEFFE TEST FOR BETWEEN TEST PWC,.)/kg. 
MEANS FOR THE CONTROL GROUP 


Mean Critscad Calculated 
Test I Test II Test Lt! Difference I5 i 
T5225 ones 2.18* Gazz V3 o0ul 
15.25 16.20 .95 NS 6522 2eaT 
1ioe0 leis Teco uNSs 6.22 Aa 
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% Significanteat the .05 level. 
NS Not signttircant at the 705 level. 
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ences in mean PWC, 55 or PWC, 4/kg. values between Test I and 
Test II were expected because the controls were not attend- 
ing classes during that time. 

The steady increase in the control group mean physical 
work capacity scores may also have been a result of improve- 
ment with repeated testing. Zahar (8) states that improve- 
ment of physical work capacity scores occurs with repeated 


testing of the same subjects. 


DIFFERENCES BETWEEN GROUPS 

A Scheffe Test was used to compare group means at each 
Gt the threemtestingrsessionssms hablesmNiewxii and XI11 (p. 70} 
sunmarize the comparisons of mean PWC, 56 values between the 
football and control groups at Tests I, II and III, respec- 
tively. There are significant differences between mean foot- 
ball PWC 75 and mean control PWC, 5 values at each of the 
three testing sessions. 

Comparisons of mean PWC 79/kg. values between the groups 
at all testing sessions are summarized in Tables XIV, XV and 
XVI (p. 71). No significant differences between mean football 
PWC,+)/kg. and mean control PWC, 7 )/kg. values occurred at any 
of the testing sessions. 

As previously stated, the mean weight of the football 
players was greater than that of the controls at each testing 
session. Therefore it would be expected that the football 
players would have higher mean PWC, 75 values than the controls 
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TABLE XI 
SCHEFFE TEST FOR BETWEEN GROUP PWCi 75 
MEANS ON TEST I 
Mean CePoTCal Calculated 
Football Control Difference F F 
1341 1010 331* 3.92 214382 


ASS ignificant Patethe 0305 level. 


TABLE KUL 
SCHEFFE TEST FOR BETWEEN GROUP PWCI 75 
MEANS ON TEST II 
Mean Critical Calculated 
Football Control Difference F F 


1490 1063 427* Soe Soba 


* Significant at the .05 level. 
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SCHEEFE EDEST “FOR “BETWEEN “GROUP PWC 49 
MEANS ON TEST III 
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Mean Critical Calculated 
Football Control Difference F F 
1395 1151 244% 3 GZ mies) 
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TABLERXKAY 


SCHEFFE TEST FOR BETWEEN GROUP PWC, 5 9/kg. 
MEANS ON TEST I 


C—O ee 
LN 


Mean Critical Calculated 
Football Control Difference 2 F 
15.49 15.25 .24 NS Bao? 06 


NS Not significant at the .05 level. 


TABLE XV 


SCHEFFE TEST FOR BETWEEN GROUP PWC, 7,/kg. 
MEANS ON TEST II 


Mean Critical Calculated 
Footbal] Control Difference a F 
Wee L6n20 12028aNS 8.92 1e1G 


NS Not significant at the .05 level. 


TABLE XVI 


SCHEHE Est Lot FOR BEIWEEN GROUP PWC, 5,/kg. 
MEANS ON TEST III 
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Mean Critical Calculated 
Football Control Difference F FE 
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is made with mean PWC /kg. values because body weight is 
taken into consideration. When this type of comparison is 
made the football players do not differ significantly from 


the controls. 


ITI. ANTHROPOMETRIC DATA BY POSITION 


The mean age, height, and weight of the football players, 
by position are outlined in Tables XVII, XVIII, XIX and XX 
(pp. 73, 74, 75, 76). The mean age and height values are 
those obtained during the first testing session. The mean 
weight values are those recorded at each of the three testing 
sessions. 

The mean age by position was similar in all instances. 
Mean height values reveal that the defensive backs were the 
shortest of all four positions. When mean weight values are 
considered, both offensive and defensive linemen are heavier 
than either offensive or defensive backs. The offensive line- 
men have the largest mean weight values at each testing session. 
The defensive linemen are second in terms of this measurement, 


followed by offensive backs and then defensive backs. 


IV. COMPARISONS WITHIN AND BETWEEN POSITIONS 


An analysis of variance was used to treat the physical 
work capacity scores by position. The number of players in 
each position was not equal. There were six offensive line- 


men, seven offensive backs, eight defensive linemen and five 
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defensive backs. 

Table XXI (p. 77) summarizes the analysis of the PWCi 54 
scores by position. Significant differences were found within 
positions from one test to another. No significant differences 
were found between positions at either of the three testing 


sessions. 


TABLE XXI 


TWO WAY ANALYSIS OF VARIANCE WITH REPEATED 


MEASURES OF THE SJOSTRAND PWC TEST MEANS, 


170 
BY POSITION, MEASURED AT THREE TIMES DURING THE 
TRAINING SEASON OFFENSIVE LINEMEN, N=6, OFFENSIVE 


BACKS, N=7, DEFENSIVE LINEMEN, N=8, DEFENSIVE BACKS, N=5 


Source of SOMeOr Mean 

Variation Squares df Square F P 
Between Positions 409 ,330 3 136,440 Orae 0.49 
Within Positions 243,150 2 121,580 4.47 O20] 
Interaction 229),920 6 38,¢c2U 1,40 Gn23 


i 


The analysis of PWC, 50/kg. scores by position is covered 
if table XXT1 (p. 78). Sigthificant differences were found 
within but not between positions, as in Table XXI (p. 77). 

The mean PWC, 59 and PWC, 5 5/kg. scores for each position 
at each test are presented in Tables XXIII and XXIV (p. 79). 
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TABLE XXII 


TWO WAY ANALYSIS OF VARIANCE WITH REPEATED 
MEASURES OF THE SJOSTRAND PWC, 75/kg. TESTAMEANS, 
BY POSITION, MEASURED AT THREE TIMES DURING THE 
TRAINING SEASON OFFENSIVE LINEMEN, N=6, OFFENSIVE 
BACKS, N=7, DEFENSIVE LINEMEN, N=8, DEFENSIVE BACKS, N=5 


Source of Sum of Mean 

Variation Squares df Square F ? 
Between Positions 98.447 S| lear eH Vacs Dres0 
Within Positions 34.010 2 100 4.99 0.01 


Interaction vey) eet 5.83 al 0.14 


DIFFERENCES WITHIN EACH POSITION 

Comparisons of physical work capacity mean scores from 
test to test within each position was done by the use of a 
scner te. Test: 

Tables XXV and XXVI (p. 80) reveal that there were no 
Significant differences in mean PWC 75 or PWC, 50/kg. scores 
for the offensive linemen between any of the three tests. 

No significant differences in mean PWC 75 or PWC,5,/kg. 
scores for offensive backs appeared between any of the three 
tests, lables KXVII and XXVIII (p.7 81)? summarizes?the comparisons. 

Tables cand ’Xke ppesoes os) indicate Signiatcant 
differences in mean PWC and PWC 79/kg. scores between the 


beginning of pre-season and end of pre-season tests for 
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TABLE XXIII 


PWC, FOOTBALL MEANS BY POSITION MEASURED 
AT THREE TIMES DURING THE TRAINING SEASON 


Test I Test [I Testealiti 


Offensive Linemen 


ee 1421 1604 i372 
as Backs 1287 1414 1306 
pefens tye Linemen 1369 1596 1486 
peter Backs 1273 1288 1402 


TABLE XXIV 


PWC, 5,/kg. FOOTBALL MEANS BY POSITION MEASURED 
AT THREE TIMES DURING THE TRAINING SEASON 


SS Rg ca St cc ea ea ea 


ee tS 


Test [I cee ties aL Cesc eli 


ne 


1 led Linemen 14.61 16.77 it 35 
i le Backs 15.49 17.03 resae 
fa ial Linemen 14.81 17.50 er 
Defensive Backs 17.61 17.78 Ae 
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TABLE XXYV 
SCHEFFE TEST FOR BETWEEN TEST PWC, 55 
MEANS FOR OFFENSIVE LINEMEN 
Mean Critieal Calculated 

Test I Test II Test III Difference F F 
1421 T3ei2 49 NS 6.42 . 26 
1421 1604 183 NS 6.42 ad 
1604 T322 232 NS 6.42 5.96 


NS Not significant at the .05 level. 


TABLE XXVI 


SCHEFFE JTEST FOR BETWEEN TEST PWC, 5)/kg. 
MEANS FOR OFFENSIVE LINEMEN 


Mean Critical Calculated 
Test I Test il West it Difference F e 
14.61 14.35 .26 NS 6.42 05 
14.61 16277 2.06 NS 6.42 4.13 
16.82 14.35 2.42 NS 6.42 5.18 


ce ts SRS SE 
ee mame 


NS Not significant at the .05 level. 
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TABLE XXVII 
OCHEP rer (EST FOR BETWEEN TEST PWC1 55 
MEANS FOR OFFENSIVE BACKS 


A 
eC 


Mean Critical Calculated 
Test I Test 17 Test III Difference F 


1287 1306 19 NS 6.42 .04 
1287 1414 27 Ns 6.42 AOS) 
1414 1306 | 108 NS 6.42 TFS] 


NS Not significant at the .05 level. 


TABLE XXVIII 


SCHEFFE TEST FOR BETWEEN TEST PWC,.,/kg. 
MEANS FOR OFFENSIVE BACKS 


Mean Cyiticdal Calculated 
Test,l Test II bes tut l Difference F F 
15.49 15.86 LST INS 6 wa2 ales 
15.49 17 #03 1?54 NS 6.42 2545 
17.03 15.86 Teve ens 6.42 pee 


en et SS SAR SAL 
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NS Not significant at the .05 level. 
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defensive linemen. No other significant differences were 


seen withinethts sposi tion: 


TAB Peers 
SCHEFFE TEST»FORsBETWEEN., LEST. PWC1 75 
MEANS FOR DEFENSIVE LINEMEN 
Mean Critical Calculated 
Test I Teste? Test III Difference F F 
1369 1486 LZ ONS G42 201 
1369 1596 227* 6.42 7.58 
1596 1486 TOSS 6.42 VaLe 


* Significant at the .05 level. 
NS Not significant at the .05 level. 


Comparisons of mean PWC 59 and PWC, 7)/kg. scores for 
defensive backs determined no significant differences between 
any of the tests. A summary of these comparisons appears in 
Tabses Xie anderk tide (ppse S3.8 84). 

Figures III and IV (pp. 85, 86) illustrate the mean 


PWC and PWC, 7/kg. scores, by position, during the train- 


170 
ing season. When considering these graphs, it should be 
noted that defensive backs, by the nature of their position, 
have pass coverage responsibilities which probably require 
more running than the other positions. As well, the defen- 


sive backs spent most of their practice time on drills which 
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TABLE XXX 


SCHERPE TEST FOR BETWEEN TEST PWC, 59/kg. 
MEANS FOR DEFENSIVE LINEMEN 


Mean Critical Calculated 
Test I Test 1] Test tf! Difference F 
14.81 16.24 Te43 NS 6.42 2.40 
14.81 17.50 2.69% 6.42 8.51 
7250 16.24 1.26 NS 6.42 1. 86 


4 Significant at the .05 level. 
NS Not significant at the .05 level. 


TABLE XXXI 
SCHEFFE TEST FOR BETWEEN TEST PWCI 75 
MEANS FOR DEFENSIVE BACKS 
Mean Critical Calculated 
tes] Test II Test III Difference F FE 

T2793 1402 129 NS 6.42 eos 
T2013 1288 15 NS 6.42 sth 

1288 1402 114 NS 6.42 1.19 


etn nS 


ee 


NS Not significant at the .05 level. 
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TABLE XXXII 


SCHEPFESTES FOR SBETWEENS LEST PWC, 59/kg. 
MEANS FOR DEFENSIVE BACKS 


———————————————— 


Mean Critical Calculated 
Test I Test II Tesst ich Difference F F 
L761 19.63 20 LNS 6.42 2.99 
76 W778 .17 NS 6.42 OZ 
17-88 19263 Lw85 "NS 6.42 2.51 


NS Not significant at the .05 level. 


required some form of concentrated running. In contrast, much 
of the practice time for the offensive linemen, offensive 
backs, and defensive linemen was spent on play execution and 
team skills. This required relatively little running in 
comparison to the defensive backs. Team skills necessary for 
the defensive backs were taught in conjunction with game-like 
Situations. Therefore, running was a primary concern. 

Another point which must be realized is that three line- 
backers were included in the group of eight defensive linemen. 
Linebackers are similar to defensive backs in that they also 
have pass coverage responsibilities. Therefore, the three 
linebackers in this study spent a substantial amount of their 
practice time with the defensive backs. 

A fifteen minute period at the end of most practices 


was designated as a conditioning session. It was noted that 
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Beginning End of End of 
of Pre-Season Regular 
Pre-Season Season 


Offensive Linemen °—'—'— Defensive Linemen 


ar or Offensive Backs “=e Defensive Backs 


FIGURES Ia 


CHANGES IN MEAN PWC1 79 SCORES DURING THREE TESTING 


SESSIONS FOR FOOTBALL PLAYERS, BY POSITION 
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PWCi70/kg 


Beginning End of End of 
of Pre-Season 
Pre-Season pacers 


Offensive Linemen +o — Defensive Linemen 
—-—-- Offensive Backs 


Defensive Backs 


FIGURE IV 


CHANGES IN MEAN PWC, 7,/kg. SCORES DURING THREE TESTING 
SESSIONS FOR FOOTBALL PLAYERS, BY POSITION 
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during some practices, the offensive linemen and offensive 
backs executed team plays during this time. This required 
five to ten yard sprints. In obvious contrast, the defen- 
Sive linemen and defensive backs generally concentrated on 


more endurance-type conditioning drills. 


DIFFERENCES BETWEEN *@POSIRILONS 

A two way analysis of variance with repeated measures 
indicated no significant differences between positions in 
mean physical work capacity scores. Tables XXI and XXII 


(pp. 77, 78) summarize this analysis. 
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CHAPTER V 


SUMMARY AND CONCLUSIONS 


I. SUMMARY 


PURPOSE 

The purpose of this study was to compare beginning of 
pre-season, end of pre-season, and end of regular season 
physical work capacity scores of intercollegiate football] 


players as measured by a modified Sjostrand PWC155 test. 


SUBJECTS 

The subjects consisted of twenty-six intercollegiate 
football players from the University of Alberta. The age 
of the subjects ranged from eighteen to twenty-four years. 


The mean age was 20.5 years. 


EXPERIMENTAL PROCEDURE 
The duration of the study was twelve weeks. This 
included one week prior to the pre-season period, a two week 
pre-season period, and a nine week regular season period. 
Each subject was given a modified Sjostrand PWC 59 test 
three times during the twelve week period. The first testing 
session occurred within the five days immediately prior to 


the start of the pre-season period. The second testing 
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session was held immediately after the completion of the 
fourteen day pre-season period. The third and final testing 
session was held during the last five days of the regular 
season period. 

The subjects participated in two practices a day for 
the first seven days of the pre-season period. The remaining 
ten weeks of the season consisted of one practice a day, 
Monday through Friday, with a game on Saturday. On occasion, 


Sunday practices were also held. 


STATISTICAL ANALYSIS 

Two way analyses of variance and Scheffe Tests were 
used to analyze the data. The .05 level of significance was 
used in this study. 

The physical work capacity scores of the football players 
were analyzed as a team and by position. In both cases, a 
two way analysis of variance with repeated measures, was used 
to test mean differences within and between groups. 

When the football data was treated as a group and com- 
pared with data obtained from the control group, a Scheffe 
Test was administered to ascertain within and between which 
groups significant differences appeared. 

When the football data was treated by position, a 
Scheffe Test was used to determine within which positions 


and between which positions significant differences occurred. 
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RESULTS 

There was a significant difference between beginning 
of pre-season and end of pre-season mean PWC,5, scores for 
the football players, as a group. A significant increase in 
mean PWC, 50/kg. scores for the football players was also seen 
between beginning of pre-season and end of pre-season tests. 
No significant differences appeared between beginning of pre- 
season and end of regular season mean PWC or PWC, 5/kg. 
Scores 1Or the pootball players asa group.) Differences 
between end of pre-season and end of regular season mean PWC 7G 
and PWC 59/kg. scores for the football players, as a group, 
were also found to be insignificant. 

There were significant differences between footbal ] 
and control group mean PWC 75 scores at each of the three 
tests. No significant differences occurred between football 
and control group mean PWC155/kg. scores at any of the test- 
ing sessions. 

Comparisons of the football players, within each posi- 
tion, revealed Soar icant increases between beginning of 
pre-season and end of pre-season mean PWC, 75 and PWC, 50/kg. 
scores for defensive linemen. No significant differences in 
physical work capacity were seen within either of the other 
three positions. 

Comparisons of mean physical work capacities, between 
positions at each testing session, revealed no significant 


differences. 
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Let ng CONCLUSIONS 


Within the limits of this study the following conclu- 


sions have been made: 


(1) 


There was a significant increase between beginning 
of pre-season and end of pre-season mean PWC,54 
and PWC, 59/kg. scores for the football players, 

as a group. 

There was a significant increase between beginning 
of pre-season and end of pre-season mean PWCi 55 
and PWC, 5,/kg. scores for the defensive linemen. 
Howeyer, no significant differences were apparent 
between beginning of pre-season and end of pre- 
season mean PWCi 5 or PWC, 5,/kg. scores for offen- 
sive linemen, offensive backs or defensive backs. 
There was no significant difference between beginn- 
ing of pre-season and end of regular season mean 


PWC PWC150/kg. scores for the football 


(moe 
players, as a group. 

There were no significant differences between 
beginning of pre-season and end of regular season 
mean PWC, 75 or PWC 59/kg. scores for any of the 
four positions. 

There was no significant difference between end 

of pre-season and end of regular season mean PWC 175 


or PWC, 50/kg. scores for the football players, as 


a group. 
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There were no significant differences between end 

of pre-season and end of regular season mean PWC1 75 
or PWC 5/kg. scores for any of the four positions. 
There were no significant differences in mean PWC 4 
or PWC,5,/kg. scores between any of the four posi- 
tions at the beginning of the pre-season. 

There were no significant differences in mean 

PWC, 5, or PWC, 54/kg. scores between any of the 

four positions at the end of the pre-season. 

There were no significant differences in mean PWC, 
or PWC, 59/kg. scores between any of the four posi- 


tions at the end of the regular season. 
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The raw data obtained during the testing sessions was 
converted into PWC. 55 and PWC, 59/kg. values by the use of 
an APL program. The computer used was an IBM 360/67. 


The APL program used was as follows: 
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ANTHROPOMETRIC DATA OF THE SUBJECTS 
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The test you are about to take is called a physical 
work capacity test. This test consists of riding the bicycle 
for twelve consecutive minutes. The work load will be 
increased at the end of the fourth and eighth minutes of 
exercise. While pedalling, you should try to keep in time 
with the “beeps" of the metronome. This will enable you 
LOM peddledat=<a rate of sixty revolutions per iminute. = Ins 
test is not a maximal test and you will not be expected to 
ride to exhaustion. This test is a submaximal test and is 
designed to raise your heart rate to approximately 170 beats 


per minute. If you have any questions, please ask them now. 
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1 XTOKI9SA. 


TAIN WOL2RIVHOD STAN THASA 


HEART RATE FROM ECG ~ RATE = 25/rm/sec. 


Distance Heart Distance Heart Distance 
of 3 Beats Rate of 3 Beats Rate of 3 Beats 
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